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ABSTRACT 

Early historical records are includt^d in this first national in¬ 
ventor}' of species of mollusks introduced, whether intentioiuilly 
or not, into Mexico by humans. Of the 56 exotic-inv'asive inol- 
lusks listed, 15 inhabit brackish and marine environments, 10 
freshwater, and 31 are terrestiials. Thirty-six per cent of the 
introduced species come from k]uropt‘ and the Mediterranean, 
18% from Asia-Anstralia-New Zealand, 46 % are crvptogenic, 
coining from different regions of the planet, and thc^ origin of 
several otliers is uncertain. The best-represented families are 
Mvtilidae, Teredinidae (brackish and marine), Ampullariidae, 
Thitiridae, and Planorbidae (freshwater), and Helicidae, Agrioli- 
macidae, Limacidae, Subiilinidae, and Callonidat* (ten'estrial). 
They involve Mytihis oaUoprovincialis Lamarck, 1819, Pomacea 
canaliailato, Lamarck, 1819, and Dreissena pohjniojpha (Pallas, 
1771), species included among the world s worst invasive species. 
Some have become natunilized: three brackish and marine 
species, six freshwater, and twelve terrestriiil. The incrciise in 
exchange of goods, servicers, and transport hiCS assisted in the 
transfer of species from distant places, as has intentional or 
unintentional introduction of species of economic importance 
(M. galloprovincialis, Crassostrea gigas (Thimberg, 1793), 
C. sikamea (Amemiya, 1928)), vv'ithout consideration of the 
epibionts, endobionts, and endoparasites that may also be 
introduced. Effective strategies must be developed to minimize 
the potential impact of biological invasions and raise public 
awareness of the problem; this must include the rigorous ap¬ 
plication of more stiingent regulations. 

Additional Keywords: exotic, freshwater, terrestnal mollusks, 
marine, mollusks, economic and biological risks 


INTRODUCTION 

Biological contamination in the world has increased 
markedly since 2000 (Crocetta et al., 2013), Pimentel 
et al. (2001) estimated that some 480000 species have 
been introduced around the world throughout the his- 
toiy of humankind, and this is of great concern. The 
effects that alien species may have in ecosystems 
(Carlton, 1999) and in tlieir interaction with native 


organisms art' poorly understood; hovvt'ver, vv^e fact' lt)ss 
of div'ersity' (Reyna et al., 2013) of formerN diverse 
ecosystems (Covvie, 1998, 2001; Cowie anti Robinson, 
2003; Lopez-Lopez et al., 2009). It may be ptissilde that 
endemic species are the most viilnt'rable, although un¬ 
fortunately, knovv'ledge of the diversity anti abundance of 
much of the wt)rl(Ps fauna remains unsatisfactory. In 
Mexico, whert' it is estimated that 75 % of brackish anti 
marine species are knovvm, it is suggestetl that 17 % of the 
Pacific species, and 15% of those in the Gulf of Mexico 
anti the Caribbean Mexican coast are entlemic (Castillo- 
Rt)driguez, 2014). On the other hand, fewer than 35 % 
t)f the native non-marine mt)llusks art' kntnvm anti 85% 
of the Mexican territory is in neetl of exploration 
(Thompson, 2011). 

In the cast' of tlu' introtluction pathvv'ays at global 
It'V’t'l, marine v'ectors are wt'Il tlocumentetl. Mexico has 
a navigation infrastructure that facilitates the in¬ 
troduction of alien species; human activities on tlie 
continental margins, and in the bays anti estuaries of the 
coastal zone, hav'e evolvetl since the 16th centuiy and are 
nt)w part of an impressive network of global marine 
traffic. Currently there is tlie threat of climate change, 
vvliich will undoulitetlly alter the structure anti compo¬ 
sition of native communities. This will also alter the 
functioning of ecosystems and become a stressor that will 
further increase the risk of biological invasions in marine 
and nt)n-marine systems. The effects of climate change 
on the environment will include substantial impact on 
native species. Given the increase in threats to the native 
fauna, inventories of exotic species become the foun¬ 
dation for future actions, including the control and 
eradication of invasiv’es (Mendoza et al., 2014). This 
artick' offers a review of the brackish-marine and non¬ 
marine introduced mollusks in Mexico, constituting the 
first national inv'entoiy of this type elaborated in Mexico; 
it also determines the naturalized species at the national 
level. We examine potential vectors and recommend 
measures that may help prev^ent the entiy of additional 
alien organisms and that could help control and seive as 
essential protective measures for tlie fauna and the 
environment at the national level in Mexico. 
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Early Rf.cords of Introduced Mollusks in Mexico 

In relation to introduced non-marine mollusks, Coniii 
(isj)ersum (Muller, 1774) (as Helix aspersa Miiller, 1774) 
was detected in Mexico by Alexander Humboldt between 
1803 and 1804 (Martens 1890-1901); and it was recorded 
by Pilsbry (1891) in Mexico City. It was iilso located in 
Jaral, Guanajuato, and other unspecified sites (Martens 
1890-1901). The species became a pest in gardens 
throughout Mexico City (Ancona, 1947) and was later 
recorded at Chapultepee, and in mountains behveen 
Mexico City and the city of Cueniavaca (Jacobson, 1952). 
Baker (1925) mentioned the presence of PhijllocauUs gatji 
(Fischer, 1871) in Mazatlan, Siniiloa. Andrews and 
Dundee (1987) stated for the first time the problems 
caused by the slug Sarasimila plebeia (Fischer, 1868) in 
Chiapas (1980) and V^eraeniz (1981), and Naranjo-Garcia 
et cil. (2007) reviewed the distribution of the family 
Veronicellidae nationwide, with particular reference 
to Sarasimila plebeia (= Sarasinula dtibia (Semper, 
1885)). As for other introduced slugs, Cockerell (1923) 
recorded Liinacus flavns (Linnaeus, 1758) (as Umax 
Jlavus Linnaeus, 1758) with numerous individuals or 
populations in Mexico City. After that, Baker (1930) 
found vmious EuropccUi slugs {Umax maximns Linnaeus, 
1758 in Desierto de Los Ix^ones to Cuajirniilpa; L.flavus in 
Iluachincingo, Puebla; Deroceras laeve (Muller, 1774) 
(apluillic) in Desierto de Los Leones and Necaxa; D. laeve 
(phiillic) (Miiller, 1774) in Cuajinicilpa and San Juan 
Teotihiuican; and Milax gagates (Drapamaud, 1801) in 
Desierto de I^os Leones. The Cuban species Zachnjsia 
auncomija havanensis Pilsbiy, 1894 was recorded in 
Yucatan (Becpiaert and Clench, 1936) and Vallonia 
excentrica Sterld, 1893 WcLS found by Joshua L. Bciily Jr. in 
Cuernavaca (Pilsbiy, 1948). 

The freshwater clam Corbictdafltiminea (Miiller, 1774) 
(as Corbiciila manilensis (Philippi, 1844)) was recorded in 
Baja California, northwestern Mexico (Fox, 1970) and 
Hillis and Mayden (1985) summarized its distribution 
along the coastal areas of Pacific and in the State of 
Tamaulipas; it was later recorded in Lake Catemaco, 
southern Veracniz (Torres-Orozco and Revaieltas-Valle, 
1996). The freshwater snail Melanoides tuberciilata 
(Miiller, 1774) was found in the vicinity of Veracruz in 
1973 (Abbott, 1973), and its presence in Mexico was 
confirmed in 1975 by Pointier and McCullough (1989). 
More details of its distribution in Mexico have subsequently 
emerged (Contreras-Arquieta, 1998; Contreras-Arquieta 
and Contreras-Balderas, 2000; Contreras-Arquietci, et al. 
1995), The first record of Tarebia granifera (Lamarck, 
1822) was at Lake Catemaco, Veracniz (Naranjo-Garcia 
et al., 2005), and other foci were later found in northern 
Veracmz State (Lopez-Lopez et al., 2009), in southern 
Oaxaca State, and in the Laeandona Forest, Cliiapas 
(Naranjo-Garcia non-published data); it was later recorded 
from 11 lakes of three municipiilities in the State of Tabasco 
(Rangel-Ruiz et al., 2011). 

The ten'estrial species Ruruina decolhta (linnaeus, 1758) 
was recorded in 1993 in tlie States of Sim Luis Potosi and 


Tamaulipas (Correa-Sandoval, 1993, 1998; Correa-Simdoval 
and Rodriguez, 2002), and soon afteiward in Nuevo Leon 
(Correa-Sandoval 1999b; Correa-Sandoval and Rodriguez, 
2005; Correa-Sandoval et al., 2007). Hiittonella bicolor 
(Hutton, 1834) (as Giilella bicolor (Hutton, 1834)) was 
collected at the archaeological site El Tajin, Veracruz 
(Correa-Sandoval, 1999a, 2000). 

In relation to marine mollusks introduced into Mexican 
waters, Hendriekx (1980) and Salgado-Barragan and 
Toledano (2006) provided data from specimens ob- 
serv^ed in situ and preserved in the Invertebrate Collec¬ 
tion (EMU) of Unidad Academiea of Mazatlan, Instituto 
de Cieneias del Mar y Limnologia, Universidad Nacional 
Autonoma de Mexico. There are also other published 
records: for example, Okolodkov et al. (2007) and Ortiz- 
Arellano and Salgado-Barragan (2012). According to 
Carlton (1999), the diversity and abundance of exotic and 
invasive marine species at worldwide level are still poorly 
known; this is certainlv true for Mexico, where lack 
of awareness of the presence of exotic species is 
compounded by unfamiliarity of their effects on the 
ecosystems. 


MATERIALS AND METHODS 

The present compilation was assembled based on records 
of mollusks deposited in: Coleecion Nacional de Moluseos 
(National Collection of Mollusks), Instituto de Biologia, 
Universidad Nacional Autonoma de Mexico); database of 
the Invertebrate Zoology division of the Florida Museum 
of Natural History, FLMNH; the Unidad Academiea of 
Mazatlan of the Instituto de Cieneias del Mar y 
Irimnologia (ICMyL-MAZ, UNAM); the literature; field 
observTitions by the authors and/or other specialists; a list 
of organisms coming from Mexico and intercepted at 
customs upon arrival in the USA; and additional in¬ 
formation provided by David Robinson (letter to E. 
Naranjo-Garcia, 4 September 2014). In certain cases, 
where the literature is veiy extensive, the first and the 
most recent articles or references were selected. Acro- 
nynns used are: CNMO, Coleecion Nacional de Moluseos, 
Universidad Nacional Autonoma de Mexico; CM, Car¬ 
negie Museum of Natural Histoiy^ Pittshurgh; FLMNH, 
database of the Florida Museum of Natural History, 
Gainesville; EMU, Coleecion de Invertebrados, Unidad 
Academiea de Mazatlan del Instituto de Cieneias del Mar 
y Limnologia. 


RESULTS 

In total, 56 species of exotic-invasive mollusks from the 
classes Bivalvla and Gastropoda have been so far in¬ 
troduced into Mexico, whether intentionally or not: 15 
brackish-mailne, 10 freshwater, and 31 terrestrial mol¬ 
lusks (Tables 1, 2, and 3). Of these, 36 % came from 
Europe and the Mediterranean (the majority are terres¬ 
trial mollusks), 18 % from Asia- Australia-New Caledonia 





E. Naranjo-Garcia and Z.G. Gastillo-liodngiuv., 2017 
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(sev’eral estuarine/brackisli- mannc and some freshwater 
species), 46 % from different regions of the planet 
(Table 4), with the place of origin of several being 
nncertain. 

Most of the brackish and marine species (Table 1) 
belong to the families Mytilidae and Teredinidae 
(Bivalvia). Among the freshw^ater molhisks (Table 2), 
gastropods are the dominant group, in particularly 
species in the families Ainpullariidae, Thiaridae, and 
Planorbidae. Most of the terrestrial mollusks ((histro- 
poda) (Table 3) belong to the family Helicidae, follow^ed 
by the Agriolimacidae, the Limacidae, the Subulinidae, 
and the Vallonidae. The species that have been 
recorded only once are; Tlieora lubrica Gould, 1861 
(marine), HeUsotua diiriji (WTtherby, 1879) (as Fla- 
norbeUa dunji (Wetherby, 1879)) (freshw^ater), and 
PhifUoraubs gaiji, Cecdioides acicida (Muller, 1774), 
Arion circiiniscripius Johnston, 1828, VaUouia rostata 
(Muller, 1774), Zachnjsia auricomija bavanensis, and 
Cantareus apeiius (Born, 1778) (as Helix apetia Born, 
1778) (terrestrial). 

DISCUSSION 
Marine Mollusks 

The ecosystems that now' are lionu’ to exotic mollusks are 
v ulnerable to changes in tlieir composition, regardless of 
wliether those mollusks were' introduced inadvertently or 
for commercicil purposes. Especially threatening are those 
species that have been restricted to environments dis¬ 
turbed either naturally or by human inteiA'ention, as is the 
case of brackish and marine mollusks such as Mijtibis 
g{dh)provincialis Lamarck, 1819 (Mvtilidae). Mytilus 
grdloprovinckdis, originalK from the Mediterranean, 
Black Sea and Adriatic Sea, has been categorized as one of 
tlie 100 worst invasiv’c alien species of the world. Despite 
this, the species is cultivated for food in the states of Baja 
California Norte and Sur, and this is without any 
knowledge of its ecological impact on the native species. 
Populations of the mussel Fenui pertia (Linnaeus, 1758) 
are distributed from Texas to southern Veracniz State, 
Mexico (Hicks and Tunnell, 1993, 1995; McGrath et al., 
1998), and Hicks et al. (2001) consider that its occurrence 
on Mexican coasts should be carefully monitored. 

Mussels and shipworms can sunlve tough conditions in 
variable estuarine and marine environments, as well as in 
sheltered sites that may be fav'orable to their development 
and dispersiil: they are adapted to this sunlv^cil by tlieir 
sessile habit, their filter feeding, and their modes of 
reproduction, growth, and morphological protection 
((McDonald and Koehn, 1988; Turner, 1966; Tuente 
et al., 2002; Petes et al., 2007; Didziulis, 2007). 

The shipw orms, such as Teredo navedis Linnaeus, 1758, 
bore into submerged vv'ood substrata all ov'er the vv'orld, 
and there are few records of the species in Mexico. Lopez- 
Carrido (2008) recorded the species from sunken boats in 
the state of Campeche, in the southern Gulf of Mexico. 
There are also references from the early 1900s (Dublan 


and Lozano, 1901; Mailseal, 1902) regarding re- 
(juirements of the asphalt composition in Submarine 
Telegraph cables between the port of Veracniz and 
Campeche in order to av'oid damage caused by the 
“marine worm”, T. naudis. More recently, there are 
checklists, reports and theuses records of its pre.sence in 
estuaries on the Mexican coast of the Gulf of Mexico, such 
as tlie Tampamachoco Lagoon, Veracniz (without ref¬ 
erence code), wbere it has been an element of the epi- 
biosis on the mangrov'e Rhizophora mangle Linnaeus, 
1753 since 1980. 

Oysters of Asian origin, Crassosfrea gigas (Thunberg, 
1793) and, more recently, C. sikamea (Amemiya, 1928), 
are cultivated in Baja Ciilifornia Norte and Sur in Mexico. 
Sessile oysters adliering by cementing to any hard sub¬ 
stratum, together with the large accompanying fauna on 
tlie suiTice of their sliells, represent a potentiiil risk to 
wildlife; hence, a study of tlieir ecologiciil impact w^ould be 
most important. Crassosfrea gigas exists as an exotic 
species on the southern Pacific coast and, since un¬ 
controlled introduction is possible through ballast vv'ater 
and a(|uaculture practices, it might also be expected to 
ev'entually be introducxNl along the southern Gulf of 
Mexico, in locations as V^eraeniz State. 

Anadara fransversa (Say, 1822), a clam from the 
northwestern Atlantic, is considered a non-invasiv'e exotic 
species. It was recorded in Tamiiiliua lagoon, \^eracnizby 
Garcia-Gubas (1969) and Abbott (1974). Although there 
are no recent records of substantial living populations, 
abundant disjointed valves have been reported. 

Tbeora hdmea Gould, 1861, originally from Asia, is 
considered as one of the most important iiwasiv e species 
in Europe (Balena et ill., 2002). According to Steneck and 
Garlton (2001), it is one of the 15000 species that hav'e 
been transported across the world in biillast water. It is 
recorded from Baja Galifornia Nolle, vvliere it possibly 
arrived secondariL introduced from San Francisco Bay, 
USA; it can be considered a potentially invasive species for 
the Pacific States of Mexico. 

There are fewer records of exotic marine gastropods 
species in Mexico than of exotic bivalv'e species. Among 
these gastropods is tlie pyramidellid Boonea bisuturails 
(Say, 1822), a native of the northern coast of the Atlantic 
(Canada and USA) tliat feeds on the body fluids of in¬ 
vertebrates (Fretter and Graliam, 1949; 1962; Fretter, 
1951), including polyehaetes, gastropods, and biv'iilves, 
and minor groups such as polvplacophorans and some 
echinoderms (Robertson and Orr, 1961). The Mexican 
coast of the Gulf of Mexico houses marine resources that 
include the Eastern Oyster C. virginica (Gmelin, 1791), 
vvdiieh represents 90% of the catch produced along that 
coast (Caceres-Martinez and Vasquez-Yeomans, 2013). 
Despite studies on diseases and ectoparasites of C. 
virginica in Mexico (Aguirre-Macedo et ah, 2007; 
Caceres-Martinez and Vastjuez-Yeomans, 2013), a study 
of non-native endo- and ecto-parasites of mollusks in the 
coastal lagoons and coral reefs of tlie southern gulf is still 
lacking. Ilow^ev'er, B. bisiituralis (Say, 1822) has been 
registered by De la Cruz and Gonzalez-Gandara (2006) 





Table 2. Exotic Freshwater mollusks recorded in Mexico, where are showai: place of origin, references or source, means of introduction (vector), habitat and impact wit!) regard 
to the damage they may cause;* = Naturalized,** = data provided by David G. Robinson. 

Family Species Origin_ Source/ record CNMQ _ V^cctors _ Habitat _ Impact _ 
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Table 4. Species introduced in Mexico per region of origin 
and ])ercent wliich tliey represent. 


Origin 

No. species 

Percentage 

Europe 

15 

26.70 

Asia 

8 

14.20 

North America 

5 

9.00 

Mediterranean 

5 

8.90 

Caribbean, Antilles 

4 

7.00 

Soutli America 

4 

7.00 

Africa and Europe 

3 

5.35 

Europe, Asia 

2 

3.80 

W Africa 

2 

3.80 

Australia, xNew Caledonia 

2 

3.80 

Pacific Centnil America 

1 

1.80 

Indo Pacific 

1 

1.80 

Bermudas 

1 

1.80 

P’astern Mexico 

1 

1.80 

Africa, Asia 

1 

1.80 

Palea retie 

1 

1.80 

Africa, Europe, Asia 

1 

1.80 

Holoarctic 

1 

1.80 


on Lobos Reef, Veracruz. Since this species can siirvwe 
as an ectoparasite on various invertt'brates, it could have 
been introduced with species such as C. virginica as far 
back as tlie last centuiy. Its suivival w^ould liave been 
favored by the diversity of species that exist on the reef 
plain of Veracruz; hence, B. bisutiiralis is likely to be 
more common in the region than suggested by this single 
record. Its planktotropliic lamie (Robertson and Mau- 
Lastovicka, 1979) would enable B. hisutnralis to be 
transferred in ballast w^ater and install itself on various 
macrobenthic species. Unfortunatelv, it has not been 
recorded as iiitrodiic'cd to Mexico, perhaps as it is 
considered by some to be natix e/naturalized, or because 
the research has been limited to compilation of a simple 
checklist. Boonea species can seriously affect oyster 
fisheries and aquaculture (Wilson et ah, 1988; Gumming 
and Alford, 1994), so that estahlishment large pop¬ 
ulations of B. bisuturails should be considered as a po¬ 
tential threat to populations of the oysters in Mexico. 

Cenclihfls }nu)icafus (Linnaeus, 1758) is common in 
tlie Caribbean, southeni Florida, and the Riiliainas 
(Clench and Abbott, 1942; Abbott, 1954; Tmssell, 1997), 
wdiere it is distributed from the shoreline to a depth of 
about 3.6 m (Lang et ah, 1998; Emson et al., 2()()2). It 
withstands desiccation and extreme heat at low tide. It wiis 
first recorded in 1992 in the northern part of the Gulf of 
California. 

Diala albugo (Watson, 1886) is a small gastropod of the 
Indo-Pacific that, as evidenced by its protoconch, pos¬ 
sesses a planktotropliic laiva (Ponder and De Keyzer, 
1992). It was included by Agiiilar-Estrada et al. (2014) in 
a checklist of a reef community in Veracruz that con¬ 
sisted mainly of dead specimens. It is not officially 
registered as introduced in Mexico and, hecause its 
identification is difficult, it is not included here nor in 
Table 1. 


Nuchbranch gastropods (Heterobranchia) of the genus 
Anteaeolidiella Miller, 2001, A. foulisi (Angas, 1864), A. 
cacaotica (Stimpson, 1855), and A. itulica (Bergh, 1888), 
recorded in Mexico (Hermosillo et al., 2006; Hermosillo 
and Gosliner, 2008; Hermosillo, 2009), are not considered 
here because the systematics of the Aeolidiidae has been 
undergoing review^ on the basis of moiphological and 
molecular data (Carmona et id., 2013); those studies will 
affect the distribution records of previously unrecognized, 
potentially circurntropical species (Angel Viddes, personal 
communication). 

Freshwater Mollusks 

The gastropod Tarebia granifera (Lamarck, 1816) from 
Madagascar, India, and Asia, is ovoviviparous, repro¬ 
ducing by parthenogenesis, and matures to a short length 
(5.5 to 8.0 mm) (Appleton et al., 2009), features that are 
advantageous in competing with native species following 
invasion events. In other countries, it can displace native 
species that display similar habitat requirements, such as 
tliose in the genus Pachydiilns Lea, 1850. In the Ca¬ 
ribbean and South America, it displaces and/or regidates 
populations of species in the genus Biomphalaria Preston, 
1910 (Pointier and Augustin, 1999; Pointier et al., 1998). 
Its high reproductive potential allows it to (juickly invade 
bodies of waiter where it is introduced, and to literally 
modify its physical conditions; in Mexico, it is considered 
an invasive species (CONABIO, 2015). 

Melanoides tubercnlata (O.F. Muller, 1774) (gastropod) 
’dndCorbiaila jlwninea (O.F. Muller, 1774) (bmdve), both 
originating from Asia, are widely distributed in Mexico 
((]ontreras-Ar(juietaet id., 1995; ContrenLs-Arejuieta, 1998; 
Contrenis-Aixjuieta and Contrenis-Balderas, 1999) and are 
recognized as invusive species (CONABIO 2015). Mela- 
noides tid)eradata is ow)vi\1parous and reaches maturity at 
about 3.5 mm or in about six months (Gutierrez-Amador 
et al., 1995; Appleton et al., 2009), which has allowed it 
to produce large populations veiy quickly. Corbietda 
Jiutiiitiea tolerates changes in environmental conditions 
(Avelar et al., 2014), feeds on suspended materiid by 
filtering and through pedal feeding, and influences the 
abundance of surrounding benthic and pelagic fauna, as 
weW as the organic-matter cycle (Hiikenkamp et al., 2001). 
It may be possible that C. Jluminea competes for space 
with native clams of the familv' Unionidae (Britton and 
Fuller, 1979). 

Pomacea canaliculata (Lamarck, 1822) originally from 
Argentina, South America (Cowie and Thiengo, 2003), 
was registered for tlie first time in the wild in Mexico in 
2013. It is presumed that the population in Mexico came 
from the Colorado River, since it was located in 2005 in 
that river in Yuma, Arizona, and the Colorado Rwer 
continues its course in Mexico (Campos et al., 2013). In 
addition, specimens of apple snails found in Califoniia and 
Arizona have been confirmed to be P. canaliculata based 
on 46 unique mtDNA haplotvqies (Rawlings et al., 2007). 
The presence of non-native apple snails is of great conceni 
due to their ahility to spread fast and because they are 
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recognized as agricultural pests (c.g., in rice fields in Asia). 
Invasion of exotic apple sniiils poses a treat to marshland 
habitats, with the possihilit}^ of changes in their div ersity 
and ecological processes, as happened in Laos, South East 
Asia (Carlsson and Lacoursiere, 2005; Hawkings et ah, 
2007). Apple snails are listed among the world’s 100 worst 
invasive species (Lowe et ah, 2000). Its amphibian status 
and herbivore habits are conducive to its (‘stablishment 
and possibly to its success in environments such as rice 
fields in Japan, Philipines, Ghina, and other Asiatic 
countries (Thiengo et ah, 1993; Govvie et ill., 2006; 
Rawlings et ah, 2007; Ziyuan and Yuansheng, 2012). From 
the human health point of view, F. canaliculata, along 
with vaiious freshwater or terrestrial molluscan species, is 
an intermediate host of the low specific host nematode 
Angiostrotigijlus cantonensis (lung worm); in nature its 
definite hosts are several species of rodents. Pomacea 
Jlagellata (Say, 1829), a native of the Gulf of Mexico states, 
was introduced to the Pacific coast. Its present distribu¬ 
tion has facilitated the expansion of the distril)ution of the 
siiiiil-eating kite Rosfrluniius sociahilis major Nelson and 
Goldman, 1833 by about 900 km into the Pacific region 
(IlernandezA^azquez et ah, 2013). In addition, the “car- 
rao” Aramus guarainia dolosits Peters, 1925 (naturally 
distributed in the States of Veracmz, Ghiapas, and 
Yucatan) is now found in Laguna del Tule, Barra de 
Navidad, Jalisco, on the Pacific coast (Hernandez-Vazqu(‘z 
et ah, 1999; Palomera-Garcia et ah, 2006). Dispersals of 
introduced of species may affect native species of birds in 
the lontyer term. 

O 

Pomacea diffusa Blume, 1957, a species originally from 
the region of Santa Gniz, Bolivia (Govvie and Thiengo, 
2003) has been intercepted in shipments arriving in 
the USA from an unspecified part of Mexico (David 
Robinson, personal coinmunication). As Howells et ah 
(2006) pointed out, “introduced species pose a serious 
threat to nativ^e biodiversity, second onlv' to habitat loss”. 

The Zebra Mussel Dreissena poh/moqdia (Pallas, 1771) 
is a great ecological threat (Schlocsser and Schmuckal, 
2012) and is among the 100 w^orst inv asiv'e species (Lowx^ 
et al., 2000). Young specimens luwe been found at two 
sites in the State of Veracruz: Rio Tonala, San Jose, and 
Rk) Goatzacoalcos, Napa Greek. (GNMO 3257: Las 
Ghoapas. Rio Tonala, San Jose. X^eracruz; and CNMO 
6060: Rio Goatzacoalcos, Arroyo Napa, X^eracniz. So far, 
these are the first record of the species in Mexico.) 

Freshw^ater species already naturalized in Mexico are; 
Pomacea canaliculata, Pomacea Jiagellata (in the w^estem 
side of the countr)' vvliere it was not native), Melanoides 
tuberadata, Corhiada fluminea, Tarebia granifera and 
Radix auricidana (Linnaeus, 1758). 

Terrestrial Mollusks 

The veronicellid slug Saraslmda jdebeia (P. Fischer, 
1868), originally from New^ Galedonia (Gomes and 
Thome, 2004), is gregarious, able to self-fertilize, and 
oviparous, attributes that favor its potential as invasive 
species. The species is thought to have displaced native 


counteqiarts in Central America (Caballero et ah, 1991). 
It is a serious pest of assorted agricultural crops in tlie 
southern Catemaco Region, Veracruz (Naranjo-Garefa 
et ah, 2007), and of vanilla in the northern VeraciTiz 
State (Velazqiiez-Montes de Oca et ah, 2014). 

Plujllocaulis gaiji (P. Fischer, 1871) is knowai to occur 
in \7ildivia, Chile (Thome% 1971, 1976). However, the 
species wtis recorded in the city of Mazatlan, Sinaloa, 
Mexico in by Baker (1925). Baker suggested that the 
introduction of the species w^as probable due to 
Mazatlan’s status as one of the main Pacific ports in 
Mexico. In 2006, Naranjo-Garefa visited the city of 
Mazatlan looking for veronicellid slugs, but wtis unable to 
confirm the occurrence of P. gaiji (Naranjo-Garcia et ah, 
2007). The record of P. gaiji in Mazatlan was either 
a inisidentification or, if it w^as present at that time, it did 
not succeed there. 

Cornu aspersion (O.F. Miiller, 1774), originally from 
Europ(\ tends to be gregarious and to product' large 
numbers of offspring, attributes that have made it an 
invaswe pest in gardens in Mexico City (Ancona, 1947). 
They have also destroyed orchards and gardens elsewiierc 
in Mexico (Maria Xillarot'l, personal communication), as 
tliey liav'c done in other countries (Apabkiza, 1984; Govvie, 
2000). Introduction may be at tlie egg stage or as juveniles 
on imported plants; it was re-introduced into Mt'xico 
(1991, CNMO 153) in imported strawbcriy seedlings, and 
has become a pest on cal)bage crops in the State of 
Michoacan (Naranjo-Garcia, unpublished data). 

With regard to slugs, BoetgeiiUa palleiis Simroth, 1912 
(Table 3) is believed to be a pest in gardens and green¬ 
houses in Europe (Welter-Schultes, 2012). judging by 
their background record in other places of tlu' world, 
Deroceras reticulation (O.F. Muller, 1774), Lehmannia 
valentiana (Ferussac, 1821), Limacus Jlavus (IJnnaeus, 
1758), L. maximus Linnaeus, 1758, Rumina decoUata 
(Linnaeus, 1758) are potentiiil pests on crops and gardens. 
Deroceras reticulation is a veiy destructive slug that feeds 
on various cultivated plants (particularly at the seedling 
stage) such as cauliflower, cabbage, potato (Pihsbiy, 1948; 
Castillejo, 1998). Hausdorf (2002) beliiwes that Deroceras 
invadens Reise, Hutchinson, Schuuack andSchlitt, 2011 is 
a serious pest. 

Some authors consider Deroceras laeve (O.F. Miiller, 
1774) to as introduced in Mexico. HowT'v'cr, there are 
fossil shells of what some believe to b(' this species of slug 
in Canada, the USA, and Mexico (El Cedral, San Luis 
Potosi; Oliv^era-Carrasco, 2007). If that is the case, the 
species has then been in North America since the 
Pleistocene. In Mexico, its two moiphs are present, phallic 
(=euphallic) and aphallic. The species is well-suited with 
diverse life history' traits that ensure it leaving de¬ 
scendants: it has a short life cycle, presents tlu' two 
nioqihs, auto-fertilize, and, in rare occasions, present 
outcrossing. It is also tolerant of diverse ecological regi¬ 
mens and, under appropriate conditions, can reproduce 
all year long (Gomez, 2001; Jordaens et al., 2006). Der¬ 
oceras laeve has been observ^ed that become a pest in 
green houses (Wiktor, 2000). 
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The siuiil Runilna decoUaia in the area of Santiago, 
Niiex'o Leon has been associated with crops of squash, 
onion, and cucuinher (Correa-Sandoviil, 1993). 

Terrestriid species are Sarasinida plebeia, Coniii 
(ispemun, Pandaoma sei~viUs (Shuttleworth, 1852), Anon 
circuniscriptus, Derocera.s laeve, Deroceras reticidatum, 
Leliinannia valentiana, Limacus jlavus, Lirnax maximiis, 
Rumlna decoUaia, Oxijchllus draparnandi (Beck, 1837) 
and Zonitoides arboreiis (Say, 1816). 

CONCLUSIONS 

There are 56 species of inollusks introduced in Mexico. 
These records are confirmed hy live material deposited in 
collections and from the literature. This number may 
increase as searches intensify. Until now, such information 
is contiiined in works consisting mostly of lists that do not 
indicate the status of the species treated and whether they 
are exotic (non-native) or invasive (established and nat¬ 
uralized). Species intentionally brought for aquaculture 
may contribute to the introduction of associated, poten¬ 
tially invasive species. Examples of this potential are 
inollusks with a byssus (mussels) and with live epifiuina on 
the upper surface of an oyster. 

Between 1980 and 2009, fewer than five autliors have 
recorded living exotic species on the Mexican Pacific 
coast. Existing legislation should be applied rigorously or 
improved (Ortiz-Monasterio, 2014). Administration and 
management of ports and customs must protect the na¬ 
tional territoiy and conserve biodiversity. Introduction of 
species can harm life cycles of other tiixa, with direct 
damage to human health and the national economy. 

Some of the inollusks here mentioned may succumb 
under the effects of climate change, but others may 
survive and colonize areas vvliere they currently cannot 
suivive due to the constraints imposed hy the climate. 
Hence, it is important to know the status of each species, 
and to monitor their presence and effects over habitats 
and native wildlife at nation^il level. Molecular studies will 
furtlier add to the knowledge of the systematics and 
population stmcturc of tliese alien species. 

Mollusks are among the most biodiverse groups of 
invertebrates, and the creation of a Mexican monitoring 
iietw^ork devoted to exotic species and their effects would 
help to protect native endemic species and could examine 
with scientific basis tlie effects of introduced organisms on 
human health and environment. 
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